The communicative act in a learning organization is subject to a number of threats to its validity (Habermas, 1981) , in particular the comprehensibility, truth, trustworthiness and appropriateness of a given message. Organizational memories (OMs) can be used to address these threats. Our focus is on email communication, which su!ers from the same threats identi"ed by Habermas. The integration of email with on OM can improve the quality of communication by applying meta-knowledge to appropriately link a given message to the OM. In this paper, we expand upon the direction taken by earlier work of Abecker et al. (1997) with respect to the importance of the object-meta relationship and the use of meta-knowledge to manage (or rather to complete) an OM. We suggest that the focus of the meta-knowledge in an email application, should be on the roles, perspectives, and characteristics of the people in an organization rather than on knowledge description. This, we argue, will e!ectively ensure that knowledge will not be disassociated from the people and the situation (Sierhuis & Clancey, 1997). We present the HyperMail architecture and sample application to illustrate how formal meta-knowledge is used to re-associate informal email communications to an OM.
Introduction
Complex organizations are composed of many diverse, interdependent work groups such as product development teams, manufacturing planning and marketing, all of which have unique decision domains. Managers act autonomously within their domains, yet they are a!ected by each other's actions. A learning organization or organization of the future (Malone, Yates & Benjamin, 1987; Huber, 1991; Simon, 1991 ) is a decentralized organization with di!erentiated sub-units that requires some mechanisms of integration. Organizational sub-units develop unique perspectives in response to the di!erent tasks, goals and environments they face and these di!erent perspectives reveal ambiguity, paradox and con#ict (Pondy, Boland & Thomas, 1987; Boland, Tenkasi & Te'eni 1994) . Integration is not achieved by a straight-forward summation of di!erent perspectives, but it has traditionally been found through dialogue in which con#its are recognized and discussed.
Learning and empowerment, often accompanied by dispersion, are characteristic of many of today's successful organizations. A learning organization relies on complex thinking and ongoing dialog (Schein, 1993) . Decentralized and dispersed organizations rely on distributed information processing, communication and cooperation (Bartlett & Ghoshal, 1990) . But these require complex information processing and rich communication because today's diverse environments create a state of high uncertainty and high novelty that requires thoughtful rather than routine information processing and rich rather than lean communication (Daft & Lengel, 1984 Fulk and DeSanctis (1995) discuss "ve key developments that have led to the communication of richer, more complex information in organizations. The growth of organization-wide email has led, according to Fulk and DeSanctis, to the creation of &&weak ties'' among people who often do not know each other. Such communication, they claim, has both positive results, such as increased levels of innovation, and negative results such as an expected lack of permanence that may pervade the organizational culture.
Rich communication is needed not only because of higher complexity in the message communicated, but also because of the knowledge di!erence between the communicating parties. For example, communication between di!erent organizational cultures, e.g. engineers vs. managers, requires elaborate messages and descriptions of context (Schein, 1997) . International communication and cooperation introduce further idiosyncrasies to the communicative act (Hofstede, Neuijen, Ohayv & Sanders, 1990) .
Organizational memories (OM) provide a way to preserve, distribute and reuse the knowledge accured by an organization. The integration of email and OM can be used to strengthen the &&weak ties'' identi"ed above and remove a number of threats to e!ective communication that we shall identify in the course of this paper. Using organizational memory as a basis, we are investigating and developing di!erent mechanisms that, leveraging the OM, add richness to electronic communications throughout an individual organization, and potentially between multiple, distinct organizations. This latter point deals with extending the use of organizational memories from an in-house tool to an inter-organizational tool. By combining organizational memories with email communications, we can achieve richer communications that serve as the foundation for integration between di!erentiated sub-units. Combining OM and email in an e!ective manner involves many tasks and central to the success of such a combination is the collection and use of meta-knowledge.
THE ORGANIZATIONAL MEMORY PROBLEM
The Organizational Memory Problem has been de"ned (Dworman, Kimbrough, Kirk & Oliver, 1997) as follows: &&Information pertinent to the task at hand has passed through the organization. Was this information captured? If so, how can it be e!ectively retrieved and brought to bear on the present task?''. We take this intentionally (on the part of Dworman et al.) broad de"nition and focus it on a number of speci"c aspects of the OM problem. In particular, the &&present task'' is email-based business communication between people in an organization; and &&brought to bear'' in terms of using OM means to directly aid in the relevant interpretation of such communications. As such, we can rewrite the above de"nition as follows:
Information pertinent to organizational communication has passed through the organization. Was this information captured? If so, how can we use this information to help a member of the organization properly interpret email received from a colleague?
Of course, a de"nition that focuses on the OM problem*a procedural or applicative issue*begs the question of the particular type of OM we are addressing. Within this conceptualization of the OM problem, we further de"ne an OM as follows:
An Organizational Memory consists of a (semi-formal) organizational knowledge base and a (formal) set of meta-knowledge that can be applied to that knowledge base.
Thus, there are two key components here: (1) a knowledge base, which has been the subject of decades of AI research; and (2) a well-de"ned set of meta-knowledge*another well worn AI technique, yet one that has yet to be fully leveraged in the context of OMs. Neither, in and of itself, should be considered an OM. It is through the combination of the two that OM can be applied in the industrial setting to which we refer. This paper begins by analysing the need for an organizational memory to support non-routine and non-structured communications. We then present a framework for applying OM to the problem intra-organizational communications. A number of issues are brought to the fore, including the integration of formal and informal organizational knowledge through a metal-level architecture, and a user-centric approach to the use of meta-knowledge (as opposed to the knowledge-centric approach taken by Abecker, Bernardi, Hinkelmann, KuK hn & Sintek, 1997) . To illustrate, we report on the development of the HyperMail system. The development of HyperMail, shown conceptually in Figure 1 , follows the suggestions by Kantor (1994) , that similar to other problems that WHEN EMAIL MEETS ORGANIZATIONAL MEMORIES have been dealt with by AI, the "eld of OM requires solutions that are domainspeci"c, not unlike the need for domain-speci"c intelligence found in expert systems and other AI technologies. This approach becomes apparent in our use of managementspeci"c meta-knowledge as a facilitator to improve on more traditional information retrieval and ranking techniques. The use of meta-knowledge as a facilitator in integrating the knowledge of multiple participants has been the focus of much DAI research (see, for example, Schwartz, 1995) in a two-tiered object-meta architecture, and more recently in a three-layer architecture (Abecker et al., 1997 (Abecker et al., , 1998 for OM applications.
In a certain sense, OM research is at a crossroads. Do we focus our e!orts on massaging and reworking the individual knowledge entries to generate knowledge descriptions? Or do we let the people speak (so to speak), and combine domain-speci"c knowledge entries with user-centric meta-knowledge that can guide us to the relevant organizational memory? The goal of this paper is not to advocate the latter at the expense of the former, but rather to suggest that for an application such as electronic communications, where there are two, if not more, active human participants in the process, a user-centric approach will result in e!ective use of the organizational memory. Sierhuis and Clancey (1997) emphasize the centrality of people to the task of knowledge management in an organization*not only while constructing the OM, but in properly using it as well. Sierhuis and Clancey are most explicit in this regard &&knowledge cannot be disembodied from the people and the situation''. The importance of &&situatedness'', while rooted in the understanding of plans and actions (Suchman, 1987) , must be brought to bear on the fragile task of interpersonal communications. No matter how complex the knowledge being stored or the message being communicated, we contend that properly situating the communicative act requires a user-centric approach and user-centric meta-knowledge.
On the relationship between communication and organizational memory
Assumptions about what others know and what is mutually known are necessarily tentative. Assumptions made are based on a variety of information sources with varying levels of credibility and relevance. At any point in time, the perspective (and resulting interpretation) taken by a participant in communication can be viewed as a tentative hypothesis that participants modify and amend based on additional information (Mead, 1934) . The task of assessing the knowledge held in common by members of a community of communicators, be they branch managers in a chain of department stores, or clothing designers and sewing production managers in a textile manufacturer, is complex and involves a variety of knowledge structures and judgemental processes.
HEURISTICS FOR DETERMINING COMMON KNOWLEDGE IN COMMUNICATIONS
Many heuristics have been proposed to provide a basis for determining common knowledge between communicating individuals*all of which assume the ongoing participation of both communicators. 
Linguistic co-pressure heuristic
The linguistic co-presence heuristic, proposed by Clark and Marshall (1981) suggests that the determination of common knowledge be based on a simple temporal relationship. Anything said at time ¹ can be assumed to be known at time ¹#1. This theory, in reference to face-to-face communications, assumes total recall and perfect associative skills in human memory. While these assumptions may even be unreasonable in a human context, supporting electronic communications on the basis of the linguistic co-presence heuristic, deals with only part of the problem. The validity of this theory in human communications is based in part on a continuous yet limited time period*e.g. the course of a telephone conversation. It is not necessarily valid in di!erent-time di!erent-place communications such as email. Steedman and Johnson-Laird (1980) have proposed that &&the speaker assumes that the hearer knows everything that the speaker knows about the world and about the conversation, unless there is some evidence to the contrary''. Questionable even in the context of face-to-face communications (to which they theory refers), this approach quickly loses ground when applied to email communications.
Explicit exclusion and implicit inclusion

Availability heuristic
The availability heuristic is a form of ego-centric greedy algorithm in which one assumes that the most readily available interpretation will also be available to others. Using the availability heuristic to assess what others know results in an overestimation of the likelihood that a perspective or interpretation be shared by others. The ready availability of one's own perspective results in a false concensus e!ect in which subjects assume that others are more similar to themselves than is actually the case (Ross, Greene & House, 1997) .
Each of the above heuristics assumes the luxury of maintaining an association between the knowledge, and the people and situation in question. But communication in a modern organization of necessity often disassociates the communicating parties, resulting in di$culties far beyond those of establishing common knowledge. The aforementioned theories and heuristics are instructive in that they provide us with a clear indication as to the importance of shared semantics in a spoken conversation and a strong sense that achieving this common knowledge is central to successful communications. Furthermore, all three theories place the burden squarely on the shoulders of the two participants. This further strengthens the argument advocating the centrality of the user and user-centric meta-knowledge.
WHY IS COMMUNICATION DIFFICULTIES?
Communication does not come easy because people tend to simplify and adopt only one perspective of reality, hold on to their own views, refuse opposite views and tend to converge on a solution prematurely (Janis, 1989) . Like any communication that is not face to face, computer-mediated communication su!ers from lack of verbal and nonverbal feedback, limitations of written language, limitation on form and other limitations of the particular technology used. Habermas (1981) de"ned four threats to validity in the communicative act: comprehensibility, truth, trustworthiness and appropriateness. The lack of each of these may cause breakdowns in communication, yet each can be mitigated by applying organizational memories to the communicative process. Habermas claims that a communicative act assumes the following four conditions to be valid.
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(1) It is comprehensible so that the receiver can understand the sender.
(2) It is true so that the receiver can share the sender's knowledge. (3) Intensions are expressed truthfully so that the receiver can trust the sender. (4) The communication is appropriate within some normative context so that the receiver can agree with the sender within his or her value system.
As presented in Table 1 , each threat to valid communications can be di!used to varying degrees through the use of organizational memories. Comprehensibility problems may be supported by translations, explanations and structure. Truth or accuracy problems can be supported by more details or explanations. Problems of trust need to be addressed by explaining intentions and the context of actions. Problems of appropriateness need to be addressed by discussing norms and shared values. There have been e!orts to address the interpretation of email messages through highly structured and formalized email mechanisms (see e.g. Kimbrough & Thornburg, 1989; Kimbrough & Moore, 1997) . However these attempts involve replacing English with some theoretically sound formal language*achieving semantic accessibility at the expense of semantic richness*and are thus not relevant to this discussion.
DEFINING THE ORGANIZATIONAL MEMORY
Organizational memories can take many forms and be implemented based on many di!erent software environments. Our assumption in this analysis, and our work with HyperMail, uses an Internet-based organizational memory that consists of A primary component of the OM used by HyperMail is an organizational ontology. An ontology is an explicit speci"cation of conceptualization which can take the form of a shared vocabulary or a taxonomy of tasks (O'Leary, 1998) . Ontologies are particularly useful in an organizational setting as they provide a measure of authoritative knowledge*knowledge that has undergone some form of con"rmation. A reusable ontology is an important part of an organizational memory and can produce some of the primary OM content necessary to address the threat of comprehensibility identi"ed above. One intriguing possibility is the use of collaborative ontologies (Farquhar, Fikes & Rice, 1997) as a component of an internet-based OM.
An ontology, however, is but a small part of a complete OM. As demonstrated by (Abecker, Bernardi, Hinkelmann, Kuhn & Sintek 1998 ), a complete OM may include some or all of the following components.
1. Ontologies/thesauri. 2. Semi-structured documents. 3. Informal documents. 4. Databases. 5. Contacts to employees. 6. Old business practice instances.
The OM used by HyperMail initially consists of a conceptual ontology, semi-structured documents and databases.
SHARED SEMANTICS
The goal of achieving shared semantics is to indicate consensus and similar interpretations across the organization. This addresses the threat of truth by creating a consensusbased, or a posteriori truth. Knowledge in an organizational memory is subject to shared semantics when one (not really &&shared'') or more users explicitly ascribe to that knowledge (belief). The relationship between knowledge, belief and truth, is a complex one*the subject of many epistemology courses and an issue far beyond the scope of this paper. Sidestepping the philosophical debate, we de"ne the notion of truth in an organizational memory as a truth relative to the users of that knowledge within a given context.
To clarify the role of shared semantics in validating or properly using OM entries, consider the following: An OM item is true, if (a) it is knowledge2part of the organizational memory; and (b) it is believed by one or more members of the organization. This of course, raises the issue of contradictory viewpoints and multiple meanings that are dealt with as follows.
1. Two contradictory knowledge items can both be true if di!erent members of the organization believe them. 2. Two contradictory knowledge items can both true if they are believed by the same member of the organization, but are associated with di!erent contexts. In this case
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it can be argued that they are not contradictory, but rather di!erent. Yet this case must be dealt with explicitly as on a syntactic level the two items may appear identical. It is only through the addition of context that the contradiction is resolved and the items are identi"ed as being di!erent rather than contradictory. Establishing shared semantics plays an important role in being able to e!ectively apply the OM to email communication, as well shall see in Section 3.
SHARED SEMANTICS AND SOCIAL NAVIGATION
Social navigation of the internet is de"ned as the voluntary sharing of internet links or bookmarks between friends and colleagues (Dieberger, 1997) . In essence, when a user "nds a web page of interest, and passes the URL of that page to another user, the two are engaging in social navigation. The importance of social navigation to internet browsing was dealt with by Dieberger with respect to internet browsing or sur"ng. In social navigation, great emphasis is placed on the exchange of links. Dieberger discusses systems such as Juggler and Vortex both of which facilitate the easy sharing of links between participants with the goal of increasing shared knowledge and semantic agreement. But in both cases, the sharing of links is explicit and initiated by the user, and in both cases the user must deal with the technical aspects of URL addressing. In addition, these systems deal at the URL level and not at the knowledge level such that all interaction takes place on the basis of address exchange and not on the basis of concept/meaning exchange. The explicit identi"cation of shared semantics within a web-based organizational memory can be viewed as a special case of social navigation. By ascribing to the knowledge found at a speci"c URL in the organizational memory, and announcing this ascription to the system, a user is performing social navigation of the highest order. Not only does the act of ascribing shared semantics recommend that a URL is of interest, it is stating unequivocally that the URL points to information that is of clear signi"cance to the sender.
Accessing the organizational memory through user-centric meta-knowledge
THE NEED TO COMBINE FORMAL AND INFORMAL KNOWLEDGE
Email, like any other free-text document, represents informal knowledge, yet it does include some useable formal knowledge, namely the identi"cation of the sender, the identi"cation of the recipient and a timeframe reference. Our goal at this stage is not to treat the email message as part of the organizational memory, but rather use it as the informal launching point for entry into the organizational memory.
FORMAL KNOWLEDGE
The identi"cation of the sender and recipient of an email message is of paramount importance. Knowing this allows us to access a wealth of user-speci"c meta-knowledge that can be used in focusing access to the organizational memory. PersonID  C3  M344  P7  C3  M344  P12  C18  M186  P7  C18  M13  P12  C18 M13 P8
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Concepts
ConceptID ConceptName ConceptDescription
Memory-;RM emoryID MemoryURL
Meta knowledge
The meta-knowledge used by HyperMail consists of two main components*user pro"le information and shared semantics information. Both of these reside in a relational database. There are clearly other mechanisms and methods that can be used to handle the meta-knowledge (higher-order logics come to mind); however, the relational database mechanisms provide both su$cient expressiveness and acceptable performance for the queries necessary to support our particular use of the OM. As Figure 2 shows, the (formal) meta-knowledge serves as the link between the (informal) email communications and the (semiformal) HTML-based organizational knowledge.
Shared semantics
Storing and maintaining information regarding the shared semantics of a given concept is a fundamental requirement of any OM system. The assumption of shared semantics, and its importance in validating communication, is discussed in Schwartz (1998) . Our implementation of shared semantics provides a mechanism by which a member of the organization, upon viewing a knowledge item relevant to a given concept, can either ascribe to or disassociate himself from the association presented by the system. By ascribing to a given knowledge association, the user is indicating that he shares the semantic representation of that item with whomever else has ascribed to that representation. Once a semantics has been ascribed to by a user, that semantics will receive a signi"cantly higher ranking by the system when the same term is used by this person in the future. Since ascribing to a given semantics requires an explicit act on the part of the user, it is the strongest possible indication of both comprehensibility and appropriateness as de"ned above. The data de"nition for storing and accessing shared semantics information is a straight-forward relation as shown in Table 2 . If the user "nds that there is no suitable link to the OM (or no link at all), they can de"ne a link to some existing OM entry or make a new entry into the OM.
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FIGURE 2. Three-tier implementation of email application on OM.
The shared semantics table de"nition joins associates a concept (ConceptID) with an entry in the OM (MemoryID) and an ascribing user (PersonID). The sample data shown indicates that users p7 and p12 share the same representation of concept c3 but di!er in their expected use of concept c18.
The concept table and memory-url table are normalized apart to allow for multiple concepts to share the same memory and have a single concept associated with multiple memories (a many-to-many relationship). Note that in the shared semantics table, PersonID is not a required "eld.
User proxling
The use of user pro"les for relevance ranking has been the subject of much e!ort in the Information Retrieval community. Our approach to user pro"ling is architecturally similar to the Abecker et al. (1997) use of knowledge description attributes (see Figure 2) . But rather than following their focus on describing the knowledge (knowledge-centric), our investment in meta-knowledge is in describing the people involved in communication and knowledge creation (user-centric). We believe that this approach will be able to more e!ectively implement the notion of &&situatedness'' as espoused by Sierhuis and Clancey (1997) . Table 3 presents a representative piece of the database de"nition of the user pro"le information being used.
Additional tables keep track of previous projects, educational backgrounds, and similar user-centric information that can be used to evaluate and match the pro"les of the communicating parties.
INFORMAL KNOWLEDGE
The corporate knowledge bases being used by HyperMail consists of both semiformal and informal knowledge. The informal knowledge exists in the form of Word documents and "les from other computing applications (such as spreadsheets), text documents and graphical images. Semiformal knowledge exists in the form of tagged HTML documents and historical email messages (whose semiformal aspect was described above). 
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HyperMail architecture
In this section we describe the architecture of the HyperMail system and present a use case example.
THE HYPERMAIL ARCHITECTURE
Figures 3 and 4 present an overview of the HyperMail architecture, and a sample session, respectively. The main software component of the system, aside from the OM itself, are: an email clients; a parser that analyses the email text; a relational representation of meta-knowledge; an indexing and search engine; and an HTML generator that recomposes the email message with embedded links into the OM. The recipient of an email message uses a standard web browser to view and interact with the email message.
There are three types of actors involved in any use of HyperMail: (1) the email author; (2) the email recipient (which may actually be a set of recipients); and (3) the contributor of any portion of the OM referred to by the enhanced email. We refer to these three respectively as: author, recipient and contributor. Each type of actor encounters di!erent functionality and a di!erent interface when interacting with HyperMail. The following scenario describes a typical use of HyperMail illustrating the roles of author and recipient.
4.1.1. Author scenario E Using a regular email client editor, John wants to send email to Mary. E When John presses SEND, a dialog appears asking him if he wants to &Enhance'' his email. E The dialog presents three choices: Enhance and Send; Enhance and Preview; Just Send
It. E The process of enhancing the email parses the email text to identify any concepts located in the meta-knowledge. The selection and ranking of the identi"ed concepts is based on a correlation between the user-speci"c meta-knowledge about the sender, and similar knowledge about the recipient. The identi"ed text is augmented with a link to the appropriate spot in the OM. In order to determine the appropriate OM entries, the systems run a series of queries on the meta-knowledge database. These queries determine an initial set of relevant pages, based on the user pro"le and indexing of the OM page. The query results are presented according to the current view and criteria WHEN EMAIL MEETS ORGANIZATIONAL MEMORIES FIGURE 3. HyperMail architecture: process view.
chosen by the email author. An HTML version of the email message is created wherein the OM entries are presented as links. E In Preview mode, the author has extensive powers to modify, delete or augment the links suggested by the system. The need for this functionality was pointed out early on by our "eld subjects who wish to retain a degree of control over what knowledge the system is tying into their correspondance. The main functions provided in preview mode are shown in Table 4 .
Recipient scenario
E Mary receives the email as an HTML "le, and views it in a web browser. Every key concept identi"ed by HyperMail appears as a link in the email text. When Mary encounters a term in John's email that requires clari"cation, such as semester B, she clicks on the link and views the appropriate page(s) in the OM, as selected by the system and con"rmed by the email author in the &&author scenario'' described above. Mary can simply read the email and ignore the links. The example of miscommunication based on the term &Semester B'' (shown in Figure 4 ) was encountered in a "eld study of the messages sent and received by the registration o$ce of an International MBA program. The &&standard'' semesters in di!erent parts of the world made it necessary to clarify the local meaning of semester. E The process of resolving links in the email does not simply bring up a static concept page from the OM, but rather an interface that combines the presentation of the email Figure 4 shows the recipient interface. E In addition to viewing concept information related to the email being read, Mary can do any of the following.
* Choose to ascribe to a given meaning. * Disassociate herself from a given explanation. * View the representation of other participants who do not ascribe to the given meaning. * Add a new entry to the OM to represent her understanding of a concept.
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HyperMail is a server-based email system that uses a web browser as its primary interface. Mail authoring, mail viewing and knowledge base management are all handled through the same browser interface.
Future work field studies
The HyperMail system is being tested in two &low-tech'' environments. The initial, albeit anecdotal, evidence from our "eld studies indicate that for &&low tech'' organizations there is neither an existing digital corpus of information, nor are there the necessary resources and expertise to provide a knowledge analyst role. This means that we expect a considerable part of the OM to evolve through use with minimal upfront knowledge engineering. The "rst site, S, is a national chain of department stores in which store managers use email to communicate with each other and with the head o$ce to discuss issues related to purchasing, policy, specials and general managerial support. The second site, D, is a multinational textile manufacturer. In this environment, HyperMail is being applied to communication on a variety of topics including "nancial reporting, production management and technical support for production.
Addressing email communications is really only a "rst step. Other elements of electronic communication, including email attachments of documents, spreadsheets, etc., are all valid candidates for the type of analysis and augmentation we are attempting with HyperMail. There are many other forms of business and technical communications to which there same techniques can be applied and ample room for future research.
Conclusions
In this paper, we have intentionally ignored the task of creating the organizational memory. Likewise we have not dealt with the design or e$ciency of the information retrieval algorithms that are necessary to search the OM in the order for a system such as HyperMail to the e!ective, or the parsing algorithms which must include stemming and synonym mechanisms. Our focus has been on the nature of communications, the threats to valid communications, and how OM can be integrated with email through the use user-centric meta-knowledge thereby addressing these threats.
We agree with the direction taken by earlier work of Abecker et al. (1997) with respect to the importance of the object-meta relationship and the use of meta-knowledge to manage (or rather to complete) an OM. However, we suggest that for email enhancement the focus of the meta-knowledge should be on the roles, perspectives and characteristics of the people in an organization rather than on knowledge description. This, we have argued, will e!ectively ensure that knowledge will not be disassociated from the people and the situation and is particularly important in applying OM to email communications. A presentation of the HyperMail architecture and sample application was used to illustrate how formal meta-knowledge is used to re-associate informal email communications to an OM.
By examining the work of Habermas, Fulk and DeSanctis and others, it is clear that email presents both a tremendous opportunity and signi"cant threat to organizations. Following the directions of O'Leary, Abecker et al., Sierhuis and Clancy, and others, it is clear that OMs have tremendous potential for shaping the way our organizations
